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listed in Table 6.1 can be separated from aqueous solutions as the hy-
droxide or oxide (see Appendix J).

Alternatively, most of them can be precipitated as insoluble sulfides
by treatment with sodium sulfide in neutral solution. Inasmuch as several
of the sulfides will redissolve in excess sulfide ion, it is important that
the sulfide ion concentration be controlled by adjustment of the pH.

For precipitation the pH of the metal ion solution is adjusted to
neutral by addition of 1 M sodium hydroxide or 1 M sulfuric acid
solution, using wide-range pH paper. AIM solution of sodium sulfide
is added to the metal ion solution, and the pH is again adjusted to
neutral with 1 M sulfuric acid solution. As with the hydroxides, the
precipitate is separated by filtration or decantation and packed for
landfill disposal. Excess sulfide ion can be destroyed by addition of
hypochlorite to the clear aqueous phase (this chapter, Section III.C. 3).
Guidance on precipitating many cations as sulfides is provided in Table
6.3,

The following ions are most commonly found as oxyanions and are
not precipitated by base: As3 + , Ass + , Re7+, Se4+, Se6+, Te4+, and
Te6+. These elements can be precipitated from their oxyanions as the
sulfides by the above procedure. Oxyanions of Mo6"1" and W6+ can be
precipitated as their calcium salts by addition of calcium chloride.

Another class of compounds whose cations may not be precipitated
by addition of hydroxide ion are the more stable complexes of metal
cations with such Lewis bases as ammonia, amines, and phosphites.
Because of the large number of these compounds and their wide range
of properties, it is not possible to give a general procedure for separating
the cations. In many cases metal sulfides can be precipitated directly
from aqueous solutions of the complexes by the addition of aqueous
sodium sulfide. If a test-tube experiment shows that stronger measures
are needed, the addition of hydrochloric acid to produce a slightly acidic
solution will often decompose the complex by protonation of the basic
ligand; metal ions that precipitate as sulfides under acid conditions can
be subsequently precipitated by dropwise addition of aqueous sodium
sulfide.

A third option for these wastes is incineration, provided that the
incinerator ash is to be sent to a secure landfill. Incineration to ash
reduces the volume of wastes going to a landfill. Wastes that contain
mercury, thallium, gallium, osmium, selenium, or arsenic should not be
incinerated because volatile, toxic combustion products may be emitted.